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Weather Note 

A RADAR ECHO  CONFIGURATION  ASSOCIATED  WITH  A SERIES OF WATERSPOUTS 
GRADEN  HARGER and JOHN D. WARDEN 

Weakher Bl , reau Alrport Station, Daytona Beach. Fla. 

[Manuscr:pi  recelved  November IS, 1961; revised January 29, 19621 

ABSTRACT 

The  appearance of the ccho on tlw JVSR-57 PPI ecopc. duriug  the  occurrence of a  series of waterspouts  near 
Daytona  Beach,  Fla., is described.  The maitl fcatrlrcr \vera a hole in thc,  center of t,he echo and a very  steep reflec- 
tivity  gradient  in :I V-shaped notch on onc~ cdgt. of thv c ~ h o .  Photos and an eyewitness  account  are  included. 

The radar was operated on short pulse with iso-echo 
turned  on, and observed at' various  settings. Iso-echo 
presentation drew attention from t,he hole  nlentioned 
preriousl- t'o a V-shaped notch on  the  north-cer~t~ral edge 
ol' the  echo, where t'he  gradient was estremely steep. 
T h e  ec$ho was approxinnat8eljT 10 n .  mi .  wide,  and 40 11. mi. 
long,  orient'ed  southwest' to northeast.. The hole a t  1620 
ICHT llatl been 1)i n .  mi.  in tiiatnet'er. At  1642 EST it  had 
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FICVRE 2.-Photo taken  a t  1610 EST, July 14, 1980. \Vnttlrsporlt 
is about $4 mile distant on a SSE bearing.  (Photo corlrtcssy 
Mr. Cal Diet?;, Oak  Hill, Fla.) 

moved  east'-nort,heast,  at' a speed of 14 kt., and the di- 
anlet'cr had reduced  to 1 n. mi.  Several  prot'uberances 
were observed to  develop on the nort'h edge of the echo, 
and move  southwest  along the edge of the echo. A trac- 
ing,  figure  1, was completed at 1642 EST. Tho holo 
moved  along  with  the  echo,  staying in the  cent,cr,  until  it 
filled short,ly after the tracing was made. 

The great'est  reflectivit,y,  approximately  2 X io5 n1n1.6 
or a theoret'ical  rainfall rat'e of about' 4  in. h P 1 ,  was 

found  in the protuberance  northwest of the hole. ( ' h i s  
value was determined by a maximurn of 52-db.  attenua- 
t,ion on short pulse.) Eyewitness  account's of t8hc first, 
wat,erspout  relat,e that  water  drawn  upward by the  spout, 
was spraying  out  above  the bend. This I I I ~ J -  have 
contributed to the  high  reflectivity  and  the steep gradient 
found  in  t'he  area of the  strong  prot,uberance. Water and 
spray which  were probably  carried only as high as the 
cloud base,  judging from a photograph  and observed 
curnulonirnbus  bases of 2000 to 2500 leet at, DAB, ~voultl 
have  been well within the hall-power  point's of t,lre radar 
beam. The reflectivity  gradient,s  indicated on t,he  t'racing 
are qualit'ative  approximations  only, from notations and 
markings on the  original  tracing.  There was lit,tlc 
change  in the size of the hole as iso-echo  at.tenuation w:ts 
increased,  i.e.,  tlle  gradient, was sharp, as in t,he notch. 

The echo was solid about  the hole, and tlle  iso-echo 
gradient  steep;  therefore  the  circulation  could  not, be 
ascertained.  However, the prot'uberances  did 1110ve 
southwestward  along  the  nort,hcrn  side of the echo, while 
the less int,ense,  more  rounded  ones on the southern side 
moved  nort8heast8ward.  Motion along the echo bourltlary 
seems  t'o imply  cyclonic  circulation  about t8he central 

F I ~ : I . R E  sccond wltcrspouf,  photogr:tphed from thc same 
1oc:ttion as fignre 2, :it I638 EST. I t  is about 2 nlilcs distant 
on :I SE bearing. (Photo courtesy  JIr. Cal Ilietz,  Oak Hill, Fla.) 

portion  containing  the hole, and also around  t,he strong 
('ore in the soutmhwcstern  extremity of the echo. At t,he 
t 8 i t l l c  of  t'hc  tracing,  t8hc  strongest  protuberance was 
about 25 11. mi.  south-sout'lleast, of Daytona Beach, and 
about' 2 to 3 n .  llli. southeast of tthe town of' Oak  Hill. 

VISUAL OBSERVATIONS 

Mr. (-, ' id Dictz, owner of LeFiles  Fishing Camp at  Oak 
Hill, tlhout8 27 mi.  southcast oP Daytona Bctlch, and )d mi. 
cast of t h c  center of Oak Hill, observed the  formation and 
dissip:ition ol two waterspouts, :~nd  obtained a series of 
Polaroid photos of the phenomena, two of which  are 
included i n  this  report' (figs. 2  and : 3 ) .  Figure  2 shows the 
full devrlopment ol t'he first spout. Figure 3, the only 
picture  ohtaincd o f  the second spout,  shows  it  at full 
development. Figure :3 was tt\ken  within  4  minutes prior 
to the time the rxd:tr echo  sketch was completed,  and thus 
coincides with  it  almost  exactly. 

Slr. Ilietz  stated t h a t  the first  funnel  began  forming  1 
mile east-southe:tst of tho fishing camp,  over an island in 
thcl ir~lttnd wwtorway at  about 1545 EST, moved west- 
southwest  ahout 5 to 10 m.p.h., going  inland and breaking 
up just south (400 ft.) of the camp  abolltj 1620 EST. The 
swontl spout' formed  over an isltmd 2  mi.  soutlleast of t'lle 
camp trhout 1620 EST, d s o  moved  west-sout~l~west,  and 
I-)rol<cl up over i l  small  island at :tbout 1645 EST. He 
furtltcr stated that no rtlin  fell at' tho  camp, but that 
heavy  rain could he scen horn east through southwest, 
south ol' the wwtcrspouts. The htlse of the first'  water- 
spout W ~ I S  cstirnatcd  to be 150 feet i n  diameter,  wit'h  the 
corc 10 feet in  diameter,  sbe:tth 60 feet  in  diameter, and 
height 500 feet. This  spout  produced a wake of about 4 



feet,  which  broke over the pilings  shown  in figurc 3. 
Both waterspouts  developed  near  right~-angle  bends  in  the 
funnel. 

The waterspouts were  visible  from  the  Daytontl Be:wll 
FAA Tower, and were  also report>ed by several  pilots and 
t'he public  in  the  vicinity of the  waterspouts. 

3. DISCUSSION OF OBSERVATIONS 
It is  helicved that tlle  hole  in the echo  is  more  than 

coincidental, and that it'  results  from  t'he  major and central 
vortex of t'lle "t,ornado cyclone," or funnel-producing 
cloud structure,  the  characteristics of' which :we summtlr- 
ized from scverd rndar and mesoscale spnoptir :~nalyses 
by Fujita 121. The hole phenomenon  in  connection  with 
tornadic activity  as  shown on radar has 1)ren ohscrvpd 
before, and is  best  documented b>- Biglcr [ X ] ,  who states 
that  t'he hole "probably  is  caused t)JT t,he centrifugal f o r c ~  
of tlle tornado  circulation  removing  hydrometeors  from 
the center of circulation." The present  observtltion 
might- be explained  similarly,  though  in  this  instttnce  thc 
hole definitely appears in the  large centrul vortex of tho 
tornado cyclone  cloud structure, :tnd is approxim:ltcl~- 5 
mi. distant from t'he  surfttce waterspout. 

PULSE-LENGTH  DISTORTION 

It is emphasized  t,hat,  the  small  waterspout  column 
itself is not  expected  to he seen 8s :L hole on radar even in 
absence of hydrometeors,  due  to  pulsdength and heam- 
width effects. The  minimum  dctectshle  diameter and 
minimum range  separatiorl of targets for  the WSR-57 
radar on short pulse  is probrlhly tl  little more thttn 250 
feet, and  is larger unless the  column  is  vertical  t~llrougll 
tlhe cntire  beam  thickness. All but  the  most  exc~eptionnl 
waterspouts have a diameter of' less thurl 250 fect [4]. 

Det,ection and  prcscntatiorl as a projcction I'orm (::in be 
reasonably expected  then, only when and where the 
waterspout occurs  outside  the  "mother cloud." The 
pulse-length effect' on t,he  cyclone vortex would be to "fill 
it in" 011 t'he neitr side bv 11:llf :t pulse  length. 

BEAM-WIDTH  DISTORTION 

Beam width  distortion OI A point  target'  (which a water- 
spout outside it,s lnot<her  cloud I~I:L?- alnmst be considered) 
for the 2' beam and 0.5-r~icrosec.  pulse  length at 11. 

mi., results in an elongated  echo  roughly IO0 yards  in 
range depth,  and 1 )i mi. long, oriented  perpenclicularly to  
the betul1. These  conlbined effects tent1 to  extrggerate 
the waterspout  projections,  aud rctluce the size of the 
cyclone vortex;  i.e.,  the  target's  producing  the  projection 
type echoes are expected to be strider than the  come- 
sponding echo while the vortex  hole is larger  than  t'he r d : ~  
scope indicates.  Battan [5] hils  discussed  pulse  length 
and bean1 width  distortion  at sonic length;  the  interested 
reader is referred t,o this  source  for  more  detailed 
information. 

TYPES OF VORTICES 

Fujit'a's IS] receot  analysis of tL somewhat comp:trablc 
tornado situation,  i.e., where a  series of tornadoes  occurred 

at'tendant  with  and  at a distance  from u larger  rotating 
nlot>her cloud,  found that the tornadoes  were of t'he  rope- 
type when  located 2 mi. or more from the  center of the 
rotating  cloud,  and ol the  cone-type (larger) when nearer 
the  cent'er. 

TI thc observations  report'ed  here  and  the  studies  cited 
are generally true, i t  seems probable  that  those  vortices 
of the  rope-type (as alrnost  all  waterspouts  are) would be 
displayed on the, radar only when occurring a t  a distance 
froln the cent,ral  vortex, and when  outside  or  near  the 
edge of the rnot'hcr cloud,  while the  central  vortex  should 
no~nltdl>~  be  displayed  when  occurring  within  a  range 
where the  beam  has a t'hickness of less than  about 25,000 
It.- for the WSR-57 radar,  about 90 mi. 

111e transfer of cyclonic rotation  and  energy  over  the 
distance  from  the ccnt'ral vortex to  the  surface  waterspout 
is  not, clerdy  untlerst,ood, and is not'  apparent from 
observations, radar or visual,  except  t'llat  the elbow bend 
in figure 3 indicates  t'hc  beginning of the  horizontal  t'ubular 
c\Tclonic rotation,  which  most)  likely  extends to the central 
vort,ex  (the  hole),  and then vertically. On the  other  hand, 
i t  nlay  result' from a  separate  secondu-y  peripheral circu- 
liltion.  Figure 3 il1ustrat)es that the  smaller rope-like 
vortices exhibit  sharp 90' changes  in  orientation, as is fre- 
quently  observed 14, 61, which togethcr  with  vertical  beam- 
witlth  effects and  range  relationships  probably explain 
t,hr rllsin  vort,ex and external  waterspout'  funnel  being 
seen at  the  same  antenna  elevation. 

('yclonic  circulation of the whole echo, or possibly cells 
of the echo, is borne  out by movement of projections 
along  the edge of the echo. This  phenotnenon  has been 
observed  before  in  connection  with  tornadoes, and is 
documented by Bigler  [l] and Fujita [a]. 
4. PREVIOUS RADAR OBSERVATIONS OF SIMILAR 

PHENOMENA 

r ,  

At  this  station  therc  have  been  several  instances  in 
which a clear  hole w:ts ohe rved  in  the  center of a well- 
tlcveloped thunderst,orm  echo. In  at  least  two  instances 
pilot,s  reported  funnel  cloud  activity  in  connection  with 
these cells. In  neither case was a definite  hook or finger 
observed on the radar,  tdthough hard protuberances of 
vtlried shapes were  obscrved. 

At 1S35 EST on June 19, 1960, a pilot  reported a funnel 
cloud  over Idtake Monroe, about 25 mi.  southwest of Day- 
torlta Beach.  The  area W H S  searched, and though  no hooks 
or fingers  were  observed,  broader  protuberances were 
noted 011 the edge of the echo, us well as a hole  in  the 
center o l  the echo. The  scope was not ofT-centered in that 
instance,  but RH1 observations were possible. On RH1 
thtc holc  was  observed to  extend  to 35,000 feet,  tapering 
off in the  top  portion,  with  the  top of the echo a t  45,000 
feet. Bigler [I] ,  in a discussion ol four rtidar observations 
of tornadoes in Texas, Oklahoma,  and  Alassachusetts, 
states  that  "the  tornado cyclone on  radar  may  extend  to 
30,000 feet, and is surmounted by a ridge of echo.'' The 
hole discussed  llerc  was  initially  observed a t  1835 EST, 



bearing 206’, range 20 mi.,  and  moved to  215’, range 18 
mi. by 1850 EST, dissipating soon thereafter.  During t’he 
period  observed, the hole  held to the  center of‘ the echo, 
and on the RHT scope  presented a 1 1  appearance  similar  to 
a sharpened pencil pointed  upward. 

5. CONCLUDING REMARKS 
Radar  operators  observe  holes  in  echoes, as discussed 

here,  with  some  frequency  without  known  funnel  ;wtivity, 
possibly  more frequently  dong  the Gulf Coast. I t  has 
been not,ed in  radar  reports  that Browrlsville and other 
WSR-57 stat’iorrs have  reported  these  holes  in  connection 
with knowm or suspected  funnel  activity. 

Some of these  holes  result  from  random  arrwngcmc~rts 
of several cells---especitlllJ- cells beyond  about 60-80 mi. 
for the WSR-57. Others may coincide  with  unobserved 
or unreported  funnels.  The  correlation  then, between 
holes of t’he type  reported  here and funnel  activity,  may 
be vague.  However,  it’ seems that  the feature deserves 
serious attention  since, when funnel  activitJ-  is  occurring, 
it  should be detectable  more  often t,h:tn the  waterspout’ or 
tornado  projections.  Also,  hard  protuhernncts,  more gcn- 
rrnlly  accepted AS indicators of funnels,  occur  with even 
greater  frequency,  apparently  in some instances to  the 
extent of appearing tls the  classic~l  hook [ 7 ] ,  without f u n -  
nel activity. 

Several  months’  experience  with the WSR-57 r:td:ir  tlt 
Daytona Beach  indicates  that  within  our range of sur- 
veillance funnel  activity is at present,  quite difficult to 
“see” due to  the  large masses of echo on the scopes, caused 

by both the greater areal  cloud  coverage  prevalent  in  this 
region, and the greater detection  capability of‘ the WSR-57 

In terms ol‘ the scope  displaJ-s, il‘ some  atterldttnt  fea- 
tures,  i.e., r.eflectivit>- structure, or critical pnrnmeter 
values  associated  with ~ c h o  holes, c:tn be found, it  mny be 
that  t he  r e d  cyclone  vortices, can be  distinguished  on  the 
r:tdar i n  :I prwtical  way,  from holes  appearing r;tndon11y. 
This would be of great importance. 

rilaar. 

Weather Note 
EXTENSIVE  AREA O F  PERSISTENT  STRATUS  AND FOG IN GREAT PLAINS 

November  27-December 2, 1961 
BURTGN HANDY 

District Meteorologicnl  Oiflce, TJ.S. Wea ih r r  Bureau,  Kansas City, Mo 

[Manuscript  received  January 10, 19621 

An area of stratus n11d fog which estentletL roughl>- 
from  western Texas to eastcrrr Nebraska and western 
Iowa persisted  from  Sovelnber 27 to  December 2, 1961, 
a. period of almost a week. ‘I’lre areas showrr in figure 1 
enclose regions where ceilings were below 1000 It.  and/or 
visibilities  below 3 mi. on the dates given. (’loutls a ~ r t l  

fog formed and persisted  in n modified  polar corltirlt.nt:d 
air  mass which became  cut off : u r d  stagnated. 

The  air  mass  movcd  south  behind a cold  front  wl~iclr 
entered  the i%ortherrr Plains on  Sovelrrber 26 nntl  spread 


